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(57) ABSTRACT 

A device for providing an electromechanical response 
includes two polymeric webs bonded to each other along 
their lengths. At least one polymeric web is activated upon 
application thereto of an electric field and exhibits electros- 
triction by rotation of polar graft moieties within the poly- 
meric web. In one embodiment, one of the two polymeric 
webs in an active web upon application thereto of the 
electric field, and the other polymeric web is a non-active 
web upon application thereto of the electric field. In another 
embodiment, botb of the two polymeric webs are capable of 
being active webs upon application thereto of the electric 
field. However, these two polymeric webs are alternately 
activated and non-activated by the electric field. 

131-161.; 
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POLYMER-POLYMER BILAYER ACTUATOR 

CLAIM OF BENEFIT OF PROVISIONAL 
APPLICATION 

Pursuant to 35 U.S.C. $119, the benefit of priority 6om 
provsional application No. 60/161,112, with a filing date of 
Oct. 22, 1999, is claimed for this non-provisional applica- 
tion. 

CROSS REFERENCE TO RELARD CASES 

‘Itis application is related commonly owned patent appti- 
cation Ser. No. 091696,528, filed Oct. 23, 2000, entitled 
“Electrostrictive Graft Elastomers.” 

ORIGIN OF THE INVENTION 
This invention was jointly made by employees of the US. 

Govwnment and an employee of the National Research 
C o u r d  and may be manufactured and used by or for the 
government for governmental purposes without the payment 
of royalties thereon or therefor. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
Tt.is invention relates generally to actuators. It relates in 

particular to a device for providing an electromechanical 
response which has two polymeric webs bonded to each 
other along their lengths. 

2. Description of the Related Art 
Electromechanical actuators of the related art include 

ceramic actuators of various configurations, including those 
which are direct piezoelectric; polymer actuators, including 
direct piezoelectric, electrostatic, conductive polymer based, 
gel based, and ionomeric; and actuators of ceramic-polymer 
composites, including those which are direct piezoelectric. 
All of these actuators are found wanting, and, as a result 
their applicability is limited. For example, the ceramic 
actuators are generally heavy and brittle and they provide a 
small displacementhtrain. Polymer actuators generally also 
provide either a small displacement/strain (e.g., PVDF), they 
are subject to environmental limitations (e.g., ionomer), or 
they have low output force due to low mechanical modulus 
(e.g., polyurethane, silocone elastomer). For example, iono- 
menc polymersgenerallyrequire- a humid environment for 
operation. Ceramic-polymer composite actuators also 
exhibit a small displacement/strain, and they are generally 
heavy and brittle. Examples of polymer-polymer bi-layer 
configuratioas of the related art are found in U.S. Pat. No. 
4,400,634 and U S .  Pat No. 4,330,730, the former being 
based on Maxwell Stress @e., electrostatics), and the latter 
being based on the piezoelectric effect. Neither of these 
patents discloses or suggests employing a layer which 
exhibits electrostriction, v k ,  by rotation of polar graft 
moie.ties within the layer, nor is there any comprehension or 
suggestion therein of the advantageous results achieved by 
providing at least one layer which exhibits electrostriction. 

SUMMARY OF THE INVENTION 

-~ 

It is the primary object of the present invention to obviate 
the inadequacies of related art devices and provide an 
actuator which has a low mass and a unified body, is simple 
to operate, bas a long life, is tough, and is easily adjustable 
and completely functional in all environments. 
lllis object, and other attending benefits, was achieved by 

the provision of a device which includes two polymeric 

2 
webs bonded to each other along their lengths. At least one 
polymeric web is activated upon application thereto of an 
electric field and exhibits electrostriction by rotation of polar 
graft moieties within the polymeric web. 

In one preferred embodiment, one of the two polymeric 
webs is an active web upon application thereto of the electric 
field, and the other polymeric web is a non-active web upon 
application thereto of the electric field. In this embodiment 
the active web is composed of an electrostrictive graft 

10 elastomer and the non-active web is composed of any other 
flexible polymer, Such an electrostrictive graft elastomer is 
described and claimed in “Electrostrictive Graft 
Elastomers”, Ser. No. 091696,528, filed Oct. 23, 2000, 
hereby incorporated by reference. The electrostrictive graft 

15 elastomer has a backbone molecule which is a non- 
crystallizable, flexible macromolecular chain, preferably a 
member selected from the group consisting of silicones, 
polyurethanes, polysulfides, nitrile rubbers, polybutenes, 
azd fi~mrinared el as tome:^, e.g., a ~h!oro!~;,euoroe:hylen~- 

2o vinylidene fluoride copolymer. ’The electrostrictive graft 
elastomer contains a grafted polymer which is a homopoly- 
mer or a copolymer which forms polar crystal phases and 
physical entanglement sites with backbone molecules, pref- 
erably a member selected from the group consisting of 

25 poly(viny1idene fluoride), poly(viny1idene fluoride- 
trifluoroethylene) copolymers, poly(viny1idene fluoride- 
trifluoroethylene) copolymers, poly(trifluoroethylene), 
vinylidene-trifluoroethylene copolymers, ferroelectric 
nylons (odd-numbered nylons), cyanopolymers  

30 (polyacrylonitriles, poly(viny1idene cyanide, vinylidene 
cyanide-based copolomeers, poly(cyanoary1 ether)), 
polyureas, polythioureas, ferroelectric liquid crystal poly- 
mers and piezoelectric bipolymers. In this embodiment the 
non-active web is composed of any other flexible polymer, 

35 preferably a member selected from the group consisting of 
silicones, polyurethanes, polysulfides, nitrile rubbers, 
polybutenes, and fluorinated thermoplastic elastomers, e.g., 
a chlorotrifluoroethylene-vinylidene fluoride copolymer. 

In another preferred embodiment, both of the two poly- 
40 meric webs are capable of being active webs upon applica- 

tion thereto of the electric field, the two polymeric webs 
being alternately activated and non-activated by the electric 
field. In this embodiment, both of the polymeric webs are 
composed of an electrostrictive graft elastomer having a 

45- backbone molecule which is a non-crystallizable, flexible 
macromolecular chain, preferably a member selected fiom 
the group consisting of silicones, polyurethanes, 
polysulfides, nitrile rubbers, polybutenes, and fluorinated 
elastomers, such as a chlorotduoroethylene-vinylidene 

50 fluoride copolymer. The electrostrictive graft elastomer con- 
tains a grafted polymer which is a homopolymer or a 
copolymer which forms polar crystal phases and physical 
entanglement sites With backbone molecules, preferably a 
member selected from the group consisting of poly 

55 (vinylidene fluoride), poly(viny1idene fluoride- 
trifluoroethylene) copolymers, poly(vinylidene fluoride- 
trifluoroethylene) copolymers, poly(triffuoroethylene), 
vinylidene-trifluoroethylene copolymers, ferroelectric 
nylons (odd-numbered nylons),  cyanopolymers  

60 (polyacrylonitriles, poly(viny1idene cyanide, vinylidene 
cyanide-based copolomeers. poly(cyanoary1 ether)), 
polyureas, polythioureas, ferroelectric liquid crystal poly- 
mers and piezoelectric bipolymers. 

In both preferred embodiments, the two polymeric webs 
65 are bonded to each other by bonding means selected from 

the group consisting of chemical bonding, physical bonding, 
mechanical bonding, and biological bonding. Preferred is a 

s 
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chemical bonding means employing a chemical adhesive, the present invention is 17 mm. The bending direction 19 
which is cast and cured at ambient temperature to form an does not change with the change in polarity of the applied 
integrating layer of less than 1 micrometer thickness psi- voltage, because the strain response in the lateral direction 
tioned between the two polymeric webs. of the electrostrictive fluorinated elastomer film is always 

FIG. 3 is a plot of experimental results showing the depen- forth above. Moreover, it provides a large displacement, dence of tip displacement d on the applied electric field E for 
the embodiment shown in FIGS. 1 and 2 and discussed high energy density, and a double frequency response as a 

result of a quadratic relationship of strain with applied above. electric field. Such a double frequency response is not 
evidr;nt in ionomer, piezoelectric or The designation electrostrictive is employed herein when 
actu:.tors. Furthermore, the actuator of the present invention the Of a changes quadratically to an 
does not require the humid environment which is necessary applied electrical voltage as a result of alignment of polar 
for ionomer actuators. Applications for electromechanical domain phase the applied The 

Rie resulting actuator achieves the primary object set 5 positive, independent Of the polarity of the applied 

polymer IO 

actu&rs according to the present invention include: motion 

biomedical pulse control, surface flow dynamic control, 
display panels, optical alignment, optical filters, micro- 
electromechanical systems, and nano-electromechanical various configurations such as planar, and 

device for providing an 

layers Or webs. Aweb is understood by the artisan to 
be a sheet, strip, film, plate, or the like, which may have 

response, Or 

conttol, position control, tension control, curvature control, 15 actuator, according to the present il-lvention comprises two 

Furthemere, a web may have ~ d t i p ! e  booded kyers, with 
2o the bond material having elastomeric properties comparable 

to the materials being bonded. The present actuator com- 

systems. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fcr a more complete understanding of the present 
invention, including its primary object and attending 
benefits, reference should be made to the Detailed Descrip- 
tion of the Invention, which is set forth below. This Detailed 25 
Description should be read with reference to the accompa- 
nying Drawings, wherein: 

FIG. 1 is a schematic showing the configuration of an 
embodiment of the present invention under working condi- 3o 

prises two webs. The-two webs can kternatively act as an 
active web and a non-active web (CASE I), or one web is 
designated as the active web and the other web is designated 
as a non-active web (CASE 11). For CASE I, both webs are 
surface-electroded electrostrictive graft elastomers and the 
electric voltage is applied to them in an alternating way. For 
the CASE 11, only the designated active web is a surface- 
electroded electrostrictive graft elastomer, and the non- 
active web is any appropriate material. 

tiom; Factors which affect the performance of the present 
polymer-polymer bi-layer actuators include: 1) electrome- 

ment employing the embodiment of FIG. 1; and chanical properties of the active present web, such as electric 
field induced strain, mechanical modulus, and electrome- 

displacement illustrated in FIG. 2 upon applied electric field. 35 chanical conversion efficiency, as well as output energy/ 

FIG. 2 is a schematic illustrating the quantity tip displace- 

FIG. 3 is a graph depicting the dependence of the tip 

DETAILED DESCRIPTION OF THE 
INVENTION 

energy density; 2) mechanical properties of the non-active 
web, such as mechanical modulus; 3) integrated interface 
between the active web and non-active web, as well as 4) the 

Re.ferring now to the drawings, FIG. 1 shows as an geometric dimension of each component. For an optimized 
embodiment of the present invention a device 10 which has 40 configuration: 1) The active electrostrictive web offers maxi- 
2 elements, viz., an electrically active constituent 11 and an mized electric field induced strain and maximized mechani- 
electrically non-active constituent 12, which are bound cal modulus, therefore, maximized electromechanical output 
together along their lengths by bonding means 13, e.g. a powedenergy. 2) The non-active web offers mechanical 
chemical bonding means such as a thin layer of an epoxy modulus not higher than that of the active web. 3) The 
resin. Mechanical holder 14 holds the device 10 in place, and 45. integrated interface between the active web -and -the non- 
electrodes 15 and 16 provide contact between opposing active web offers strength and does not allow any significant 
surfaces of electrically active constituent 11 and a source of sliding effect between the active and the non-active webs in 
alternating voltage 17. As an example, electrically active the direction parallel to the surfaces. The integrated interface 
cons::ituent 11 is a film of an electrostrictive fluorinated also offers maximized durability under working conditions. 
elastmner (Cefral-soft), electrodes 15 and 16 are gold so 4) The relative dimensions of the active web and the 
electrodes, and electrically non-active constituent 12 is a non-active web are chosen according to the requirements of 
film of the same fluorinated elastomer (Cefral-soft), but the particular application. A relatively thin non-active web is 
without any attaching electrodes. Bonding meam 13 is a thin preferred. 5) The thickness of the integrated interface is 
layer of epoxy resin, and the thickness ratio of constituent minimized as preferred. 
11: constituent 12 is 1:l (18 micrometers: 18 micrometers). 55 The materials for the active web are electrostrictive graft 
When an electric field is applied to electrically active elastomers than can offer electric field induced strain and 
constituent 11, the electrostrictive fluorinated elastomer high mechanical modulus. The backbone molecules in the 
expands in the lateral direction, as shown by arrows 18, electrostrictive graft elastomers are non-crystallizable flex- 
while electrically non-active constituent 12 maintains a ible macromolecular chains that are homopolymers and 
constant length. Since constituents 11 and 12 are securely 60 copolymers containing two or more monomers. Typical 
bonded to each other, a bending in the direction of electri- elastomers are silicone, polyurethane, polysulfide, nitrile 
cally non-active constituent 12 will occur, as shown by rubber, and polybutene, as  well as fluorinated thermoplastic 
arrow 19. Such a bending results in a tip displacement d as elastomers. The preferred embodiment is chlorotrifluoroet- 
shown in FIG. 2, as the actuator 10 bends from its original hylene (CTFE)-vinylidene fluoride (VDF) copolymer 
position 20 before application of the electric field to new 65 (CTFE-VDF). The grafted molecules in the electrostrictive 
position 21 after application of the electric field. In this elastomers are homopolymers or copolymers that form polar 
example the active length L of the actuator 10 according to crystal phases and cross link sites between the flexible 
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backbone chains. The preferred ones offer large dipole (vinylidene fluoride), poly(viny1idene fluoride- 
mom8:nt in graft crystal phase, and a large difference in the trifluoroethylene) copolymers, poly(viny1idene fluoride- 
cryst;Ll dimension between the directions perpendicular and trifluoroethylene) copolymers, poly(trifluoroethylene), 
paral:.el to the polarization. The grafted polymers of the vinylidene-trifluoroethylene copolymers, ferroelectric 
preferred embodiments are poly(viny1idene fluoride) 5 nylons (odd-numbered nylons), cyanopolymers 
(PVI)F), poly(viny1idene fluoride-trifluoroethylene) (polyacrylonitriles, poly(viny1idene cyanide, vinylidene 
copo;lymers, poly(viny1idene fluoride-trifluoroethylene) cyanide-based copolomeers, poly(cyanoary1 ether)), 
copolymers, poly(trif luoroethylene),  vinylidene- polyureas, polythioureas, ferroelectric liquid crystal poly- 
trifluoroethylene copolymers, ferroelectric nylons (odd- mers and piezoelectric bipolymers. 
numbered nylons), cyanopolymers (polyacrylonitdes, poly 10 9. The device of claim 3, wherein the non-active web 
(vin:ilidene cyanide,  vinyl idene cyanide-based comprises a flexible polymer selected from the group con- 
copolomeers, PolY(cyanoary1 ether)), polyureas, sisting of silicones, polyurethanes, polysulfides, nitrile 
polyt sioureas, ferroelectric liquid crystal polymers and rubbers, polybutenes, and fluorinated thermoplastic elas- 
piezoelectric bipolymers. tomers. 

10. The device of claim 9, wherein the non-active web 
that can be integrated to the active web. Preferred are those comprises a cholotrifluoroethylene-vinylidene fluoride 
which offer the desired mechanical modulus. This means copolymer. 
that ).he mechanical modulus of the non-active web is ll. The device of claim 1, wherein both of the two 
expec:ted to be equai to or lower than the mechanical poiymeric webs are capable of being active webs upon 
modulus of the active web. Typical polymers for the non- 20 application thereto of the electric field, the two polymeric 
activr: web are silicone, polyurethane, polysulfide, nitrile webs being alternately activated and non-activated by the 
rubber, and polybutene, as well as fluorinated thermoplastic electric field. 
elastomers such as graft elastomers. The preferred embodi- 12. The device of claim U, wherein both of the polymeric 
ment of the non-active web is the same graft polymeric webs comprise an electrostrictive graft elastomer. 
elastomer as the active web. 13. The device of claim 12, wherein the electrostrictive 

Int,:gration between the active web and the non-active graft elastomer has a backbone molecule which is a non- 
web :?rovides strong bonding and good durability under cVtdlizable, flexible macromolecular chain. 

ne mechanisms for providing the 14. The device of claim 13, wherein the backbone mol- 
integrating inkdace are chemical, physical, and mechanical ecule of the electrostrictive graft elastomer is a member 
as as biological means. ne preferred means provide 30 selected from the group consisting of silicones, 
ease in processing, minimized thickness, as well as the polyurethanes, polysulfides, nitrile rubbers, polybutenes, 
desired stiifkess and durability. Especially preferred is a and fluorinated 
chem:.cal adhesive, which is cast and cured at room tern- 15. The device of claim 14, wherein the backbone mol- 
perahtre and provides avery thin integrating layer (less than ecule O f  the graft is a 
1 micrometer). 

16. The device of claim 13, wherein the electrostrictive 
graft elastomer contains a grafted polymer which is a 

and physical entanglement sites with backbone molecules. 
16* wherein the grafting polymer 

is a member selected from the group consisting of poly 
(vinylidene fluoride), poly(viny1idene fluoride- 

Tht: materials for non-active web are polymeric materials 15 

25 

35 chlorotrifluoroethylene-vinylidene fluoride copolymer. 
What is claimed is: 
1. A device for providing an electromechanical response, 

other along their length, at least one polymeric web is 
activated upon application thereto of an electric field and 
exhibits electrostriction by rotation of polar graft moieties 
within the polymeric web. 

whict. device comprises two polymeric webs bonded to each homopolymer Or a which forms phases 

17. The device Of 

2. :fie device of claim 1, wherein one of the polymeric 
webs is an active web upon application thereto of the electric 

trifluoroeth!flene) coP”lymers, Poly(vinylidene fluoride- 
trifluoroethYlene) CoPolYmers, PolY(trifluoroethYlene), 

field, 
application thereto of the electric field. 
3. :be  device of claim 2, wherein the active web corn- 

prises an electrostrictive graft elastomer and the non-active 
web comprises any other flexible polymer. 

4. The device of claim 3, wherein the electrostrictive graft 

the other polymeric web is a ~ ~ ~ : ~ c t i v e  web upon 45 vinylidene-trifluoroethylene copolymers, ferroelectric 
n y lo  ns  (odd -numb e red n y lo ns) , cy an o p o 1 y m e rs 
@olYacrYlOnitdeS, poly(viny1idene cyanide, vinylidene 
cyanide-based copolomeers, Poly(cyanoary1 ether)), 
polyureas, polythioureas, ferroelectric liquid crystal poly- 

and piezoelectric bipolymers. 
elastomer has a backbone molecule which is a non- 18. The device of claim 1, wherein the two Pob’meric 
crystallizable, flexible marcomolecular chain. webs are bonded to each other by bonding means selected 

from the group consisting Of chemical bonding, physical 

19. The device of claim 18, wherein the bonding means is 
a chemical bonding means employing a chemical adhesive. 

20. The device of claim 19, wherein the chemical adhe- 
sive is cast and cured at ambient temperature to form an 
integrating layer of less than 1 micrometer thickness which 

1, wherein each polymeric web 

wherein the bond material has elastomeric properties com- 
parable to the materials being bonded. 

5. ?’he device of claim 4, wherein the backbone molecule 
of the electrostrictive graft elastomer is a member selected bondin& and bonding. 
from the group consisting of 
polysulfides, nitrile rubbers, polybutenes, and fluorinated 
elastomers. 

6. l’he device of claim 5, wherein the backbone molecule 
o f  tile e l e c t r o s t r i c t i v e  g r a f t  e l a s t o m e r  is a 
chlorcttrifluoroethylene-vinylidene fluoride copolymer. 6o is positioned the plymeric webs. 

7. The device of claim 4, wherein the electrostrictive graft 

phases and 

polyurethanes, 55 

21. The device Of 

elastomer contains a grafted polymer which is a homopoly- comprises a plurality Of layers bonded to One another, 
mer or a copolymer which forms polar 
physical entanglement sites with backbone molecules. 

a member selected from a group consisting of poly * * * * *  
8. The device of claim 7, wherein the grafted polymer is 65 


